


United Rircrafi Research Laboratories 

UNITED AIRCRAFT COReORATlON 

FI 
EAST HARTFORD, CONNECTICUT 

Report K911105-2 

Determining and Analyzing t h e  S t r eng th  and 
Impact of High-Modulus Glass 

Quar te r ly  S t a t u s  Report No. 2 
Contract NASW-2209 

REPORTED 
//F. Bacon / 

APPROVED BY c&m?6- 
M. A ,  DeCrescente, Chief 
High Temperature Materials 

NO. OF PAGES 15 COPY NO.  



R e p o r t  K 9 1 1 1 0 5 - 2  

D e t e r m i n i n g  and A n a l y z i n g  t h e  S t rength  and 
I m p a c t  of H i g h - M o d u l u s  G l a s s  

TABLE O F  CONTENTS 

S U M M A R Y . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . * * *  A 1 

-- IIFTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
. . . . . . . . . . . . . . . .  . . . . . . .  NEW GLASS COMPOSITIONS -. 2 

RECENT DETERMINATIONS O F  YOUNG'S MODULUS O F  BULK GLASS SAMPLES . . . .  6 
E F F E C T  OF COMPOSITTON ON COMPARATIVE IMPACT R E S I S T A N C E  O F  
BULK GLASS SAMPLES . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

. . . . . . . . . . . . . .  IMPROVED COMPRESSIVE STRENGTH MEASUREMENTS 9 

COMPARISON O F  SEVERAL F I B E R - R E S I N  COMPOSITES  . . . . . . . . . . . . .  9 

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 



Report Kg1110 5-2 

Determining and Analyzing t h e  S t rength  and 
Impact of High-Modulus Glass 

SUMMARY 

The l a t e s t  experimental g l a s s  composition t o  be  prepared a s  a monofl lan~ert  
and then  used t o  form a number of g l a s s  fiber-epoxy r e s i n  composite "res"ca71p1es 
i s  UARL 417. Tes ts  of t h e s e  UARL 417-epoxy r e s i n  composites i n  comparison t o  
s i m i l a r  composites made wi th  t h e  DuPont experimental organic  f i b e r  PRC-49-1 
show t h a t  t h e  UARL 417 composites have a compressive s t r e n g t h  4 112 times higher 
as w e l l  as  s p e c i f i c  compressive s t r e n g t h  a t  l e a s t  2 112 t imes g r e a t e r ,  ~otchea 

-1 t e s  have Charpy impact specimens prepared from t h e  UARL 417-epoxy r e s i n  compo.,: 
impact s t r e n g t h s  50% g r e a t e r  t han  impact specimens from t h e  DuPont f l k e r  PRD-)~? 
epoxy r e s i n  composites. Fu r the r ,  a s  shown i n  our  l a s t  q u a r t e r l y  r e p o r t ,  
K911105-1, t h e  U A R L ' ~ ~ ~  g l a s s  fiber-epoxy r e s i n  composites a r e  supe r ro r  to 
s i m i l a r  composites made wi th  t h e  DuPont f i b e r  PRD-49-1 i n  f l e x u r a l  s t r e n g z l ,  
bending s t r e s s - s t r a i n  behavior ,  short-beam shea r  s t r e n g t h ,  t e n s i l e  s t r eng i  k, 
and t e n s i l e  s t r e s s - s t r a i n  behavior .  

Research cont inues on t h e  ques t ion  of why a given g l a s s  should 11zv-e ai? 
impact s t r e n g t h  s u p e r i o r  t o  o the r  g l a s ses .  Tes t s  c a r r i e d  out using unnotc1:ed 
Charpy impact samples of bu lk  g l a s s  g ive  an extremely pre l iminary  indica?;lo:1 
t h a t  g l a s s e s  conta in ing  both an apprec iab le  amount of z inc  oxide and nlwinun: 
oxide t end  t o  have h igher  impact r e s i s t a n c e s  t han  o the r  g l a s s e s .  Glasses  Co 
which only aluminum oxide i s  added do not  have any increased  impact resis4"ance 
nor do g l a s ses  which conta in  only z inc  oxide b u t  no alumina. 

A number of new g l a s s  compositions have been prepared i n  t h i s  qilarte:  it^ 
increased  emphasis on prepara t ions  without  b e r y l l i a .  I n  con t r a s t  t o  our recen;  
research  which emphasized c o r d i e r i t e - r a r e  e a r t h  systems and invert-analog 
systems of g l a s s  compositions,  t h i s  work l i k e  our  very e a r l y  r e sea rch  eov2rs a 
number of g l a s s  f i e l d s  inc luding  t h e  e u t e c t i c s  and mul l i t e - r a re  e a r t h  a r e a s ,  

INTRODUCTION 

This r epo r t  i s  t h e  second q u a r t e r l y  r epo r t  f o r  t h e  new UARL-NASA E ? e ~ 3 ~ u a r c , ? ~ s  
con t r ac t  NASW-2209, Determining and Analyzing t h e  S t rength  and ImpaeC of 'igh- 
Modulus Glass .  This con t r ac t  i s  t h e  successor  t o  t h e  p r i o r  UARL-NASA eorz rac t s  
NASW-1301, I n v e s t i g a t i o n  of t h e  Kine t i c s  of C r y s t a l l i z a t i o n  of Molten Bi-:lry 
and Ternary Oxide Systems, and NASW-2013, I n v e s t i g a t i o n  of t h e  Kine t ics  of 
C r y s t a l l i z a t i o n  of Severa l  High Temperature Glass Systems. The t ime p e r l s d  
covered by t h e  present  r e p o r t  i s  May 1 through J u l y  31, 1971. 



Under t h e  e a r l i e r  NASA c o n t r a c t s  UARL s t u d i e d  t h e  r a t e  of c r y s t a i l i r a ~ ; ~ ~  
of s e v e r a l  unusual molten oxide systems not  normally used f o r  g l a s s  prodr c t l o r r ,  
The two most i n t e r e s t i n g  of t h e s e  systems were t h e  c o r d i e r i t e - r a r e  e a r t h  axidc 
and t h e  i n v e r t  analog-rare  e a r t h  oxide f i e l d s  wi th  both of t h e s e  systems L ,  

t imes inc luding  b e r y l  add i t i ons .  I n  each of t h e s e  systems a  number of blgb- 
modulus high-strength g l a s s  compositions were found and some of t h e s e  con2osl t  lor c 
could be  f i b e r i z e d  by t h e  usua l  rare-metal  bushing drawing technique ,  Toe fibers 
t hus  produced were used t o  form g l a s s  fiber-epoxy r e s i n  composites and tPese  
were cha rac t e r i zed  as  f u l l y  a s  p o s s i b l e .  The s t r e n g t h  and impact c h a r a c t e c ~ s t x c c  
of t h e  high-modulus g l a s s e s  i n  bulk  form were not  i n v e s t i g a t e d  however, 

T'ne present  con t r ac t  has a s  i t s  purpose a  more sys temat ic  inves t i g a t ]  crL o" 
t h e  p r o p e r t i e s  of bu lk  samples of those  high-modulus g l a s s e s  previousiy deli-! O D ~ C  

and an at tempt  t o  c o r r e l a t e  such p r o p e r t i e s  w i th  composition and micros"cr'rlclu~c, 
Fu r the r  new compositions w i l l  a l s o  be prepared and s t u d i e d  both i n  bulk al?c as 
f i b e r s  i f  t hey  show promising v iscos i ty- tempera ture  r e l a t i o n s h i p s .  These inves-- 
t i g a t i o n s  hopefu l ly  w i l l  con t r ibu te  i n  a  sma l l  p a r t  t o  t h e  need f o r  inore ~r~t'o~~nac~on 
about g l a s s  i n  massive form t h a t  t h e  Nat iona l  Advisory Board of t h e  U a t i c - ~ a l  
Research Council has i n d i c a t e d  (Refs .  1 , 2 )  t o  be  a  p r e r e q u i s i t e  f o r  t h e  s x c e s s -  
f u l  use of g l a s s  as an engineering m a t e r i a l .  

NEW GLASS COMPOSITIONS 

The th i r ty -n ine  g l a s s  compositions prepared i n  t h i s  per iod  a r e  sbowr- -n 
Table I. It w i l l  be  noted t h a t  only seven of t h e s e  t h i r t y - n i n e  formulas contain 
b e r y l l i a  i n  agreement wi th  our  cu r r en t  emphasis on t h e  p repa ra t ion  of a  n3n- 
t o x i c  i ng red ien t  g l a s s  whose p r o p e r t i e s  a r e  a t  l e a s t  as  good as  t hose  of UA3L 
344 and 417. As mentioned i n  our l a s t  q u a r t e r l y  r e p o r t ,  g l a s s e s  473, 474 - 3rd 
475 a r e  base g l a s s e s  from which glass-ceramics of high modulus were prepered b) 
McMillan (Ref.  3 )  and were melted t o  f i n d  out  i f  t h e  a c t i o n  of pulling f l ?~ : s  
fu rn i shed  a s u f f i c i e n t  h e a t  t rea tment  t o  develop c r y s t a l s  i n  such phospl?a\e 
ca ta lyzed  glass-ceramics.  Unfortunately a t  maximum furnace tempera tkre ,  I'CO'C, 
which was f e l t  t o  be s a f e  f o r  t h e  aged Super-Kanthal* elements i n  our p l ac rc sn  
furnace ,  t h e s e  g l a s ses  were much t o o  s t i f f  t o  allow e i t h e r  f i b e r  forrrat icn cr 
a s p i r a t i o n  of rods f o r  modulus eva lua t ion .  A t  t h i s  temperature t h e s e  g l a s s e s  
had t h e  consis tency of a  very heavy g rease .  We were unable,  therefol-e ,  using t hese  
compositions t o  answer our ques t ion  concerning t h e  con t r ibu t ion  made by a rela- 
t i v e l y  few c r y s t a l s  t o  t h e  r e s u l t a n t  modulus and s t r e n g t h  of a  g l a s s  i"i-3ela. 

Composition UARL 476 i s  der ived from Bas t i an ,  U.S. Pa t en t  2,97f19341 b j ~  
t ak ing  maximum amounts of t h e  important i ng red ien t s  mentioned and i s  intended 
t o  supply a  comparison of one of t h e  most r e a d i l y  f i b e r i z a b l e  high beryll:-a 
content  g l a s se s  prev ious ly  developed wi th  t h e  cu r r en t  UARL experimentr l  g l a s s e s w  
While t h i s  g l a s s  does not  y i e l d  as  high a  va lue  f o r  Young's modulus as da our 
g l a s s e s ,  i t s  s p e c i f i c  modulus i s  be l i eved  t o  be  outs tanding  because ~ i '  "Le ?rerj-  lo;^ 

value  of dens i ty  claimed. 

*Registered trademark, The Kanthal Corporat ion,  Bethe l ,  Connecticut 



' Table I 

New Glass Compositions Expressed in Mol % 

Actua l  Ingredient 

ZnO 

B2°3 
Y2°3 
Ti02 
Zr02 

Li20 
C a0 
ZnO 

Si02 

*l2'3 
MgO 
Li20 
C a0 
ZnO 



Table I ( ~ o n t  Id) 

Actual  Ingredien t  

SiO 

~ l - 2 ~ 3  

MgO 
C a O  

Y2°3 
coo (co203) 
Be 0 

SiO 
2 

A1203 

MgO 
Li20 

C a0 

Zr02 

Si02 

A1203 

MgO 
Li20 

C a0 
ZnO 

'203 
coo ( ~ 0 2 0 ~ )  



Actual Ingredien t  

SiO, 

Table I ( c o n t t d )  



Other g l a s ses  of Table I a s  may be  seen r ep resen t  wide depar tures  frox t h z  
c o r d i e r i t e - r a r e  e a r t h ,  i n v e r t  analog-rare  e a r t h ,  and Morey's r a r e -ea r th  g l a s s  
f i e l d s  t h a t  formed t h e  sub jec t  of  much of UARL's e a r l i e r  r e sea rch ,  While t h e s e  
g l a s s e s  a r e  f a r  from evalua ted  a s  y e t  e s p e c i a l l y  wi th  r e spec t  t o  modulus and 
s t r e n g t h ,  they  appear t o  be  outs tanding  i n  t h e  ease  wi th  which they  form uniform 
homogeneous g l a s s e s  t h a t  a r e  r e a d i l y  f i b e r i z a b l e  and which have good working 
c h a r a c t e r i s t i c s .  

RECENT DETERMINATIONS OF YOUNG'S MODULUS OF 
BULK GLASS SAMPLES 

Using techniques e a r l i e r  descr ibed  i n  our  r e p o r t ,  ~910939-4 ( ~ e f ,  I 

a s p i r a t e d  c i r c u l a r  rod bulk  g l a s s  samples were prepared from some of tlie lnebrer 

UARL experimental  g l a s s e s  and t h e i r  moduli measured by u l t r a s o n i c  technique ,  
The r e s u l t s  of t h e s e  s t u d i e s  a r e  shown i n  Table 11. It can be  seen t h a t  none 
of t h e  g l a s s e s  r e c e n t l y  measured have abso lu t e  values of moduli a s  bigh a s  t h e  
e a r l i e r  UARL g l a s s e s  where a number of g l a s ses  had moduli o f  20 m i l l i o n  p s i  or 
h igher .  On t h e  o t h e r  hand some had s p e c i f i c  moduli which compared favord'uly 
wi th  those  found i n  p r i o r  UARL research .  

EFFECT OF COMPOSITION ON COMPARATIVE IMPACT 
RESISTANCE OF BULK GLASS SAMPLES 

Table I11 l i s t s  both t h e  impact r e s i s t a n c e  of a number of g l a s s e s  togetkLer 
with t h e i r  composition. The impact values l i s t e d  were measured on hybrid sizcc, 
unnotched Charpy samples prepared d i r e c t l y  from a s p i r a t e d  c i r c u l a r  rods of bulk 
g l a s s ,  0.310 i n .  i n  diameter ,  and s tandard  l eng th  f o r  f u l l  s i z e  specimen, It 
was f e l t  t h a t  samples prepared i n  t h i s  way would have experienced t h e  l e a s t  
p o s s i b l e  amount of s u r f a c e  damage. Each va lue  t a b u l a t e d  i s  t h e  average fa rue  
of e i g h t  determinat ions.  This method of  determining impact r e s i s t a n c e  was 
found t o  be extremely cons i s t en t .  However, t h e  absolu te  values t a b u l a t e d  a r e  
not  w e l l  e s t a b l i s h e d  because t h e  capac i ty  of t h e  p a r t i c u l a r  impact naehice a t  
hand was so  l a r g e  t h a t  a l l  readings r ep re sen t  ex t r apo la t ed  values from a 
d i f f e r e n c e  of l e s s  than  one degree i n  a r c  swing. A more s e n s i t i v e  inpac t  
machine has been loca t ed  a t  MERL, P r a t t  & Whitney A i r c r a f t ,  Middletown and 
w i l l  b e  used t o  v e r i f y  t h e s e  values as  soon a s  new samples can be  pi-eparecl, 

As Table I11 shows, UARL 304 has t h e  h ighes t  impact r e s i s t a n c e  and UARL 
459 has t h e  lowest impact r e s i s t a n c e  of t h e  g l a s ses  evaluated.  The cornpos-i.tton 
of UARL 304 conta ins  both aluminum oxide and z inc  oxide and t h i s  conbinat ion 
apparent ly  con t r ibu te s  t o  i t s  increased  impact r e s i s t a n c e  s i n c e  UARL, 4b7 ~ ~ : k i c h  
conta ins  z inc  oxide b u t  not alumina i s  low i n  impact r e s i s t a n c e  a s  i s  UAFL 419 
which conta ins  alumina but  not z inc oxide. Obviously, t h e s e  a r e  very pre:LirnL-iarv 
c lues  as  t o  t h e  f a c t o r s  important i n  impact r e s i s t a n c e  and t h e  depeiidenee of 
impact r e s i s t a n c e  on composition must be much more c a r e f u l l y  i n v e s t i g a t e d ,  



Table I1 

Recently Measured Values f o r  Young's Modulus 
( c i r c u l a r  Rod Bulk samples) 

Young's 
Density Modulus 

Glass No. grns / cm3 l b s / i n  mi l l ions  p s i  

Spec i f i c  
Modulus 

107 inches -- 

47 3 t o o  high a forming temperature 
474 too  high a forming temperature 
47 5 t oo  high a forming temperature 

**476 17.28 
477 17.91 

*UARL 425 i s  National Bureau of Standards Glass #389 ( ~ e f .  5 )  

**UARL 476 i s  Bast ian,  U.S. Patent  2,978,341 - maximum amount of i n g r e d i e n : ~  





The mechanism by which UARL 304 gained apprec iab ly  increased  impact res:s- 
t ance  compared t o  UARL 459 i s  shown i n  F igs .  1 and 2 where o p t i c a l  mecrographs 
showing t y p i c a l  f r a c t u r e  systems i n  t h e s e  two g l a s s e s  a r e  compared, The niueh 
l a r g e r  i n i t i a t i o n  zone, mis t  zone, and hackle  zone f o r  g l a s s  UARL 304 ( ~ i g .  1) 
shows t h a t  it absorbed more energy be fo re  f r a c t u r i n g  than  d i d  UARL 1459 (~ig. 2 ) .  
While t h e s e  f i g u r e s  a r e  from only one specimen of each g l a s s ,  o the r  specimens 
of t h e  sub jec t  g l a s s e s  showed i d e n t i c a l  behavior  and it i s  f e l t  t h a t  more sens l -  
t i v e  impact t e s t i n g  equipment w i l l  show t h a t  t h e  r a t i o  of t h e  comparative impact 
r e s i s t a n c e s  of t h e s e  two g l a s s e s  i s  much l a r g e r  t han  t h e  f a c t o r  of TWO currenxly 
shown i n  our  Table 111. 

IMPROVED COMPRESSIVE STRENGTH MEASUREMENTS 

Last  q u a r t e r ,  UARL attempted t o  eva lua t e  t h e  compressive s t rengzh  or UAKL 
417-epoxy r e s i n  composites. Unfortunately,  t h e  c u r r e n t l y  accepted t e s t  method 
f o r  t h i s  proper ty  was developed f o r  a v a i l a b l e  m a t e r i a l s  wi th  u l t ima te  values so 
much lower than  t h a t  accepted f o r  t h e  new composites t h a t  they  a c t u a l l y  a r e  not 
s u i t a b l e .  Fu r the r  t h e  b a s i c  s t r u c t u r e  of g l a s s  f i b e r  composites can not confom 
wi th in  normal t e s t . l i m i t s  t o  smal l  v a r i a t i o n s  i n  pos i t i on ing  t h e  specimen, i n  
t h e  alignment of  t h e  loading f o r c e ,  and i n  t h e  su r f ace  e f f e c t  of l oad  a p p i i c a t ~ o n ,  

Celanese Corporation ( ~ e f .  6 )  had a l ready  faced  t h i s  problem i l l  t e s t i n g  
t h e  compressive s t r e n g t h  of t h e i r  graphite-epoxy r e s i n  composites. To a t  l e a s t  
p a r t i a l l y  e l imina te  t h e  problem they  designed a compression j i g  which al lows 
t h e  compressive f o r c e  t o  be  induced by shea r  s t r e s s e s  on bonded t a b s  i n  a 
c o l l e t  type  g r i p  which does not come i n  contac t  wi th  t h e  t e s t  specimen, Using 
t h e  Celanese Corporation design j i g  we were a b l e  t o  completely e l imina te  t h e  
mushrooming e f f e c t  found i n  our  e a r l i e r  t e s t s  a s  w e l l  a s  ob ta in ing  gage-length 
f a i l u r e s  which appear reasonable.  The average compressive s t r e n g t h  found f o r  
t h e  UARL 417 g l a s s  fiber-compression s t r e n g t h  composites wi th  t h e  Celanese type  
j i g  i s  222,000 p s i  as  shown i n  Table I V .  I n  our  opinion t h i s  s t i l l  r ep re sen t s  s 
lower l i m i t  f o r  t h i s  t ype  of t e s t  and f u r t h e r  t e s t i n g  should r a i s e  t h i s  va lue  
appreciably.  The r e l a t i o n s h i p  of t h e  compressive s t r e n g t h  of t h e  U43L 417 glass 
fiber-epoxy r e s i n  composites t o  t h e  s i m i l a r  much lower compressive s t rengzk  
composites wi th  t h e  DuPont organic  f i b e r  PRD-49 i s  a l s o  shown i n  Ta-31-e IT, 

COMPARISON OF SEVERAL FIBER-RESIN COMPOSITES 

I n  Table V t h e  p r o p e r t i e s  of fou r  epoxy r e s i n - f i b e r  composites a r e  eompa-ea, 
The "St '  g l a s s ,  UARL 344, and UARL 417 g l a s s  fiber-epoxy r e s i n  composites were 
a l l  made i n  t h i s  l abo ra to ry  using i d e n t i c a l  procedures bu t  t h e  d a t a  f o r  ~ i l -  Du30nt 
PRD-49-1 f i b e r  composite was taken  from DuPont brochures .  The d a t a  of Table -1 
shows t h a t  t h e  g l a s s  fiber-epoxy r e s i n  composites a r e  supe r io r  i n  f l e x u r a l  
s t r e n g t h  (both  absolu te  and s p e c i f i c ) ,  short-beam shea r  s t r e n g t h  (bo th  absolu;e 
and s p e c i f i c ) ,  compressive s t r e n g t h  (bo th  abso lu t e  and s p e c i f i c ) ,  impact-streng"r?,  







Table IV 

Ratio of Compressive Strength to Density 

Density Compressive Specific Compl ess iTrc  
Material lb/in. Strength lbs/in. 2 Strength ( hn, ) 

UARL 417/epoxy 0.092 218-227,000 2,370,000-2,47c ,occ 

*Data from DuPont's Brochure, New High-Modulus Fiber, PRD-49, Type 1, 
as presented at Anaheim, California meeting, April 1971. 



Table V 

Comparison of Seve ra l  Fiber-Resin Composites 

Composite Average of 
and 634 7 Composites 695% DU 'or I, 

Glass I d e n t i t y  (S g l a s s )  UARL 344 UARL 344 UARL p7 41' ---- PI??-l- ?--I 

Fibe r  F i n i s h  Comrnerc i a l  P r o p r i e t a r y  P r o p r i e t a r y  Propr5etary U3ce 

% Voids 0 .6  3.1 2.5 1 - 0  -- 

% Fibe r  6 7 62 60 71 -5  6 5 

Densi ty of Composite 
gms /cm3 2.07 

F lexura l  S t rength  
3 10 p s i  215 

F lexura l  Modulus 
6 10  p s i  --- 

Short  Beam Shear 
S t rength  l o 3  p s i  13.9 

Tens i l e  S t rength  
l o 3  p s i  266 

Tens i l e  Modulus 
6 10 p s i  8.27% 

Notched Charpy Impact 
Value f t .  l b s / i n  

2 
435 

Compressive Strength 
103 p s i  

6 
S g l a s s  has a  dens i ty  of 2.49 gms/cm3 and a  Young's Modulus of 12 .4  x 10 I.SI . 

6 - 
UARL 344 g l a s s  f i b e r  has a dens i ty  of 3.29 gms/cm3 and a  Young's Modulus of 7 6.6 - ' -, 75:. 

f 

UAEiL 417 g l a s s  f i b e r  has a  dens i ty  of 3.09 gms/cm3 and a  Young's Modulus o r  .'. 5 J i j' ~ L I  

DuPont PRD-49-1 organic  f i b e r  has a dens i ty  of 1 .38 gms/cm3 and a  Young's ~loc:ul-r?s c.f 
6 20 x 10 p s i .  

"Estimate based on f i b e r  % and known modulus of g l a s s .  
'lC3Results ob ta ined  a f t e r  an i n i t i a l  s e r i e s  of l e a r n i n g  experiments had bee31 ci7-rte(" -1 t r~ 

making and t e s t i n g  UARL 344 g l a s s  fiber-epoxy r e s i n  composites.  



and i n  abso lu t e  t e n s i l e  s t r e n g t h  i n  comparison t o  t h e  DuPont PRD-49-1 epoxy 
r e s i n  composite. This abso lu t e  s t r e n g t h  of t h e  UARL fiber-epoxy r e s i n  composi4ce 
i n d i c a t e s  a ve ly  high s t r e n g t h  r e t e n t i o n  f o r  t h e  UARL 417 f i b e r  without  s i z i l g  
and a f t e r  t h e  cons iderable  amount of handl ing necessary t o  form a g l a s s  fiber- 
epoxy r e s i n  mat r ix .  

I n  our  l a s t  q u a r t e r l y  r e p o r t ,  Kg11105-1, t e n s i l e  s t r e s s - s t r a i n  curves and 
bending s t r e s s - s t r a i n  curves f o r  UARL 417 g l a s s  fiber-epoxy r e s i n  composites 
and DuPont PRD-49-1 fiber-epoxy r e s i n  composites were a l s o  compared and,  la 
both  cases ,  t h e  comparison was favorable  t o  t h e  UARL 417 g l a s s  f i b e r  compcsite,  

CONCLUSIONS 

1. Bulk samples of s e l e c t e d  experimental  UARL g l a s s e s  vary  i n  impaez 
s t r e n g t h  by approximately a f a c t o r  of two i n  t h e  l a t e s t  impact t e s t  procedure, 
Pre l iminary  i n d i c a t i o n s  a r e  t h a t  composition a f f e c t s  t h e  impact s t r e n g t h  and 
t h a t  bo th  aluminum oxide and z inc  oxide a r e  necessary f o r  increased  i rnpae~ 
s t r e n g t h .  However, much more work remains t o  b e  done on t h e  t e s t  proceaure 
and o the r  g l a s s e s  ne,ed t o  be  examined be fo re  any d e f i n i t e  conclusions =an S e  
reached i n  t h i s  a rea .  

2. Addi t iona l  t e s t s  on UARL 417 f i b e r  glass-epoxy r e s i n  composites sRow 
t h e s e  composites t o  be  b e t t e r  t han  DuPont PRD-49 fiber-epoxy r e s i n  composites 
i n  a l l  p r o p e r t i e s  concerned wi th  compression, bending and f l e x u r e  and eorn2araSie 
i n  t e n s i l e  p r o p e r t i e s .  
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